Introduction
on the leachate characterization and its effect on groundwater pollution (Boels and Fleming, 23 1993) but little information is available on the effect of landfills on the soil contamination 24 (Hernández et al., 1996) and its toxicological effects. 25
Soil pollution by heavy metals has become a critical environmental concern due to its 26 potential adverse ecological effects. Heavy metals occur naturally at low concentrations in 27 soils. However, they are considered as soil contaminants due to their widespread occurrence, 28 acute and chronic toxicity (Youn-Joo, 2014). 29
More recently high concentrations of heavy metal(loid)s, such as As, Cd, Cu, Pb, and Zn in 30 soils have often been reported in number of countries. For example, significant adverse 31 impacts of As on human health have been recorded in Bangladesh, India, and China and it is 32 claimed that millions of people are potentially at risk from As poisoning (Bhattacharya et al., 1 2012) . Similarly, Cd accumulation in the offal of grazing animals in New Zealand and 2 Australia made it unsuitable for human consumption and affected access of meat products to 3 overseas markets (Loganathan et al., 2008) . Similarly, there have been concerns about urban 4 development of horticultural sites which contained toxic levels of metal(loid)s such as As, Cu, 5
and Pb in soils resulting from excessive use of fungicides and herbicides that are rich in these 6 metal(loid)s (Pietrzak and Uren, 2011). 7
Plants can be used as bioindicators for toxicity assessment in aquatic and terrestrial 8 ecosystems (Gorsuch et al., 1991) . The present research was aimed at assessing the soil 9 pollution at the landfill site (in operation) and in the vicinity of a MSW landfill site. The main 10 objective of this study was characterization of soil samples issued from a landfill located near 11
Klatovy, in south-western Czech Republic, in relation to their content of heavy metals. The 12 other objective was to recommend some sensitive plant to assess phytotoxicity effect on one 13 vegetal specie. White mustard (Sinapis alba L.) was selected as the test plant species due to 14 their sensitivity to a wide range of contaminants. To assess phytotoxicity of landfill soil a 15 laboratory study was conducted. LODs (limit of detection) of methods were 0.1 g/kg for Hg, 0.02 g/kg for Cd, 0.38 g/kg 28 for Pb, 3.08 g/kg for Cu, 3.70 g/kg for Zn, 4.92 g/kg for Co, 9.00 g/kg for Ni, 0.70 29 6 g/kg for Cr, and 12.10 g/kg for Mn. The results were in good agreement with the certified 1 values. 2
Test plant species 3
The test species were white mustard (Sinapis alba L.). They were selected because they are 4 known to be sensitive to board range of chemicals. White mustard is ideal for studying soils 5 and soil extracts (Gerencsér et al, 2010 ; OECD Guideline 208 for the Testing of Chemicals, 6
2003). Seeds were surface-sterilized by soaking for 2 min. in a commercial sodium 7 hypochlorite (2%) solution to which a few drops of Tween-20 had been added. Then they 8 were rinsed twice in sterile distilled water. Damage or empty seeds hulls were discarded. 9
Phytotoxicity test 10
The earthen pot experiment was performed under laboratory conditions. The earthen pots 11 (height of 10 cm and a diameter of 11 cm) were loosely filled with 200 g of medium, than 100 12 seeds of white mustard were scattered on to the surface, covered with thin layer of silica sand 13 and covered with a glass plate (to avoid evaporation). For heavy metals Cd, Pb, Zn, and Co, none of the eight examined soil samples did exceed the 5 limits specified in the Decree, as shown by the charts listed on Figure 3 . For Cu, Ni, and Cr 6 some of the collected soil samples exceeded the limits established in the relevant legislation. 7 For Cu, the maximum limit for this heavy metal is 50 mg/kg. Samples that exceeded the limit 8 for Cu were as follows: sample 2 (58.62 mg/kg), sample 6 (51.24 mg/kg), and sample 8 9 (50.20 mg/kg). For Ni, the maximum limit is set at 25 mg/kg. This threshold value was 10 exceeded by all 8 soil samples; the highest value was measured in sample 2 (140.03 mg/kg). 11
The maximum allowed value for Cr (40 mg/kg) was exceeded by all 8 samples, with sample 2 12 showing the highest value (190.73 mg/kg). No limit values are established for Mn and Hg 13 presence in the soil. After the levels of heavy metals in collected soil samples were 14 determined, the phytotoxicity was tested. 15
Fourteen days from the establishment of the experiment, sprouts and the number of growing 16 plants occurring in the earthen pots were counted. The data were plotted into tables and 17 photographs were taken to document the course of the experiment. Germinating capacity and 18 growth of white mustard is shown in Fig. 3 . Twenty-one days from the establishment of the 19 experiment, the counting of sprouts and growing plants was repeated, the results were 20 recorded and photographs were taken. 21
Values were calculated from the obtained data (Table 2) Table 3 lists average values calculated from the results obtained after conducting the 27 experiment (see Table 2 ) as well as percentages of germination capacity for each sample of 28 examined soil. 29 Maximum germination capacity of seeds of white mustard at a concentration of 25% was 1 achieved for sample 1, both in the period of 14 days (139%) and after 21 days (137%). The 2 second highest value exhibited sample 2 (131 % after 14 days and 136% after 21 days). The 3 third highest values were measured for samples 3 and 8, where after 14 days the germination 4 capacity reached 106% and 111%, respectively; and after 21 days the germination capacity 5 was 110% and 107%, respectively. 6
Even sample 4 exhibits high values of germination capacity after 14 days (102%) and after 21 7 days (103%). The 100% germination capacity limit was approached also by sample 5 after the 8 period of 21 days when the seed germination capacity attained 100%. The lowest values of 9 germination capacity of white mustard seeds showed samples 6 and 7. Germination capacity 10 of sample 6 was 85% after 14 days and 91% after 21 days, and that of sample 7 was 80% after 11 14 days and 86% after 21 days. 12 The second highest germination capacity was observed in sample 5, where it reached 123% 19 after 14 days and 122% after 21 days. The third place in germination capacity of white 20 mustard seeds was occupied by sample 7 (122% after 14 days and 119% after 21 days). 21 An increase in plant biomass was observed in plants growing on plates with soil samples from 22 the landfill body and its vicinity, but no changes in appearance, slow growth or necrotic 23 lesions appeared. Ecotoxicity tests show that tested soils (at a concentration of 50%) collected 24 from the landfill body, edge of the landfill body and its vicinity reach high percentage values 25 of germination capacity of seeds of white mustard (101-137%) (Fig. 6) . At a concentration of 26 25%, tested soil samples exhibit lower values of germination capacity; in particular samples 3 27 to 8, yet the seed germination capacity in all 8 samples of tested soils range between 86 and 28
137%. 29
The analysis of the variance is listed in Table 4 . P(ANOVA) was calculated using the Maple 30 software. P-value determines the significance level, where it is possible to reject the 31 hypothesis that both models used are equivalent. P-value is compared with a pre-chosen 32 constant (most commonly 0.05) and when it is smaller, the equivalence of the models is 1 rejected. Three cases where the assumption is that the behaviour of the samples is different 2 from the behaviour of the blanks by 5% significance are marked in Table 4 . Plant growth test can be good protocol to assess the phytotoxicity of soil contaminated by 29 heavy metals. White mustard is sensitive plant that can be used as heavy metals bioindicator. 30
Soil samples 1 to 8, which were taken from the landfill body, edge of the landfill body and its 31 vicinity meet the limits for heavy metals Co, Cd, Pb, and Zn specified in the applicable 32 
